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(54) Ceramic material, basis for a dental restoration made from said ceramic material and dental 
restoration 

(57) The present invention relates to a method for 
producing a ceramic material, subsequently comprising 
mixing ceramic material, such as oxidic ceramic mate- 
rial, which as a raw material essentially comprises alu- 
minum oxide, zirconium oxide and/or titanium oxide, 
and glass component; melting at least the glass compo- 
nent in the mixture by sintering, where the glass compo- 
nent infiltrates the ceramic material and absorbs raw 
material of the ceramic material through a reaction at 
the surface: and bringing the mixture into a shape, such 
as powder, which is suitable for further processing, such 
as additional sintering. 

Also the present invention relates to a basis for the 
crown, the crown in its entirety having layers of for 
instance porcelain applied to the basis, and methods for 
producing the basis and the crown through subsequent 
processing steps, to which the basis is preferably sub- 
jected on the same underground, for instance based on 
CAD/CAM techniques. 
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Description 

[0001] The present invention relates to a method for producing ceramic material, said ceramic material itself, a 
basis for a dental restoration, which is made from said ceramic material, and the method for production thereof, and a 

5 dental restoration with said basis and a method for producing said dental restoration. 

[0002] For ceramic materials often aluminum oxide and/or zirconium oxide is used, i.e. oxidic ceramic. When pro- 
ducing dental restorations, such as crowns, it is known to use ceramic material as a basis therefore in the place of for 
instance metal, that remains visible after applying cover layers, for instance of porcelain. Ceramic material is preferred, 
because this results in a better esthetic appearance of the dental restoration to be produced, than metal. The basis of 

10 a dental restoration is placed on for instance the remains of a tooth, i.e. a tooth stump, and as such forms the basis or 
carrier of a dental restoration. In connection with the considerable dental forces, to which the dental restoration is sub- 
jected, the basis therefor needs to have a sufficient strength, apart from the visually observable properties in connection 
with the cover layers to be applied to the basis and made from e.g. porcelain to obtain the aforementioned esthetic 
effect. Moreover ceramic material is more desirable than metal because of the higher biocompatibility thereof. 

is [0003] Several ceramic materials, especially for the basis of a dental restoration, and methods for producing the 
ceramic material, the basis and the dental restoration are respectively known. 

[0004] The American patent 5, 1 04,31 9 relates to flame spraying the ceramic material, which in essence comprises 
aluminum oxide, zirconium oxide, titanium oxide or combination thereof to produce the basis for especially a dental res- 
toration. Here ceramic material in powder form is suspended in a carrier liquid and subjected to a flame spraying proc- 

20 ess on an underground, having the form of a dental remain, e.g. the form of a tooth stump. According to this method 
small quantities of material, which is based on silicate, are added to increase the density, which corresponds to the 
strength of the basis of ceramic material. The strength, which can be obtained is however insufficient in order to apply 
the ceramic material and the method, when producing the basis of a dental restoration. The density, which is achieved, 
is too low for this, and the corresponding porousness is too high, such that tear formation, leading to fracture, can occur. 

25 As a matter of fact, this porousness of especially the grains of the raw material for the ceramic material is most sensitive 
for the enormous dental forces, occurring when used as a dental restoration, and can lead to tear formation and frac- 
ture, although the tensions in the basis as a whole remain below the desired fracture strength. 
[0005] Another known technique is the use of massive dental porcelain to produce the entire dental restoration. 
This however has for a drawback, that this material is hard to process in order to realize the occlusal surfaces accurately 

30 as a result of the hardness of this dental porcelain. When the obtained form of the dental restoration is less than opti- 
mum, and the restoration inhibits free movement of the jaw, this can lead to occlusal discrepancies and dislocation of 
the cranio mandibular complex. Therefore, when placing such restorations, often corrections have to be made in order 
to avoid this problem, which is inhibited by the hardness of dental porcelain. Furthermore this dental porcelain exhibits 
a high degree of shrink during baking, as a result of which the fit on the underground and therefore later upon the dental 

35 remains is unsure and can even vary as a result of variations in the degree of shrink. A bad fit can lead to the dental 
restoration coming loose or disturbance of the cranio mandibular complex. Further the use of a uniform colored block 
leads to a restoration with an appearance, which seems considerably less lifelike. 

[0006] Also essentially pure aluminum oxide can be pressed dry and sintered. However, to obtain a desirable 
appearance of the restoration addition of pigments is necessary, which disrupt the sintering process. Therefore prod- 
40 ucts based on this known technology have an insufficient strength, when pigments are applied, or an insufficiently nat- 
ural appearance. 

[0007] Another known technique is for instance pressing the ceramic material dry onto the underground to form a 
basis, sintering the material and process it to the desired shape, for instance by milling. The application of ceramic 
material is for instance by pressing it in a dry form. The ceramic material as raw material essentially comprises alumi- 

45 num oxide, zirconium oxide and/or titanium oxide or mixtures thereof. These ceramic materials and methods have for a 
disadvantage, that a considerable and largely unpredictable shrink occurs when sintering or baking. Furthermore the 
strength of the used ceramic materials is insufficient, in particular for application as a basis for a dental restoration. Also 
here the porousness of the grains of the powder of the raw materials for the ceramic material is the cause. Moreover 
the variation in the degree of shrink, which is anticipated by oversize production with an average shrink as a starting 

so point, leads to inaccuracy of the fit and therefore losses in production through rejection of individual products with an 
incorrect fit. Deviating fit is however only to be detected, after the underground is removed. This inhibits continuous 
automated production processes, where this underground could be used to be engaged by a processing machine, such 
as a mill. As certainty about the fit first has to be obtained, the underground, however, needs to be removed. Also for 
applying the cover layers on the basis for the dental restoration, this necessity to remove the underground is an inhibi- 

55 tion. 

[0008] With the invention it is intended to remedy the problems and disadvantages of all the above mentioned tech- 
niques, to which end a method according to claim 1 is provided for production of ceramic material, and the ceramic 
material itself is provided according to claim 22. The ceramic material, that results from the method according to the, 
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present application can be used in production of the basis for a dental restoration and therefore in production of the den- 
tal restoration itself, but can also be used as a substitute for plastic filling material, which is for instance used to fill cav- 
ities. By the absorption of raw material of the ceramic material the glass component is strengthened, where the glass 
component also infiltrates the porous structure of the ceramic material. Through this process a substantially massive 

5 mass is obtained without any porousness, because of which the strength of the products produced with this ceramic 
material, such as the basis for a dental restoration, exhibit a sufficient strength. The glass component also adheres to 
grains of the ceramic material, which is for instance in a powder form, so that these grains are among themselves con- 
nected by the glass component. As such a massive product is formed, which through supplemental sintering for pro- 
ducing the basis for a dental restoration, is powdered. This can be achieved by grinding. When thereafter this powder 

w is applied to an underground, corresponding to a tooth stump, in an arbitrary manner, by spraying, brushing, or other- 
wise, the glass component becomes fluid and fluid phase sintering occurs. As a result the shrink when baking the 
ceramic material while sintering this ceramic material to form for instance the basis for a dental restoration, is overcome 
by the glass component and the basis securely fits exactly on the underground, where the underground has a shape 
corresponding exactly to that of the form of the tooth stump. This certainty obviates the need to remove the under- 

75 ground in order to verify the fit. so that the underground can remain in the basis during subsequent processing steps. 
[0009] The underground is often made from an oven proof material, to which the ceramic material of the basis for 
a dental restoration adheres. Preferably this oven proof underground can be formed from partially sintered, or chemi- 
cally bound aluminum oxide and/or zirconium oxide or mixtures thereof in order to ensure, that the basis adheres well 
thereto. By subsequently removing the underground in a milling manner, it is secured, that the restoration will fit well. 

20 so that passages along the sides and further dental decay and cavities under the influence of bacteria will not occur. 
The ceramic material according to the present invention can, in comparison with known techniques, be sintered very 
fast, whereby the production process of the actual basis or the dental restoration as a whole is accelerated. 
[0010] These and other advantages and features of the present invention will be made clear from the subsequent 
description, which has been drawn up in correspondence with the drawings, in which: 

25 

fig. 1 shows a basis for a crown on an underground, made from ceramic material according to the present invention; 
fig. 2 shows, partially in section, a representation of a crown; and 

fig. 3 shows a schematic view of a part of an apparatus for realizing a method according to the present application. 

30 [0011] The ceramic material is produced, according to the present application, by mixing aluminum oxide, zirco- 
nium oxide and/or titanium oxide, or mixtures thereof, with glass frit, of which the composition is described hereinbelow 
in more detail. Also other oxidic ceramics for sintering, other than aluminum oxide, zirconium oxide or titanium oxide be 
applied as well as other kinds of glass components, where the process parameters described hereinbelow, such as 
temperature, duration of the process, etc., are to be adapted to the properties of the materials used. 

35 [001 2] The powdered oxidic ceramic for sintering in the form of a powder and the glass component in the form of a 
powder are heated up to a temperature, where at least the glass component is sintered or melts to form a homogenous 
plate, together with the oxidic ceramic for sintering, such as aluminum oxide and/or zirconium oxide. The temperature 
during sintering is preferably between 11 00 and 1200°C, dependent upon the used ceramic for sintering and the used 
glass component, and the time, during which the mixture is sintered, is approximately 24 hours. 

40 [001 3] During the process a surface reaction occurs between the grains of the oxidic ceramic for sintering and the 
surrounding glass, where a part of these compounds, especially aluminum oxide or zirconium oxide, diffuses into the 
glass phase, otherwise called the glass component. 

[0014] The glass component is then strengthened by absorption of aluminum oxide, zirconium oxide and/or tita- 
nium oxide or any other oxidic ceramic material for sintering used. Then crystals are formed in the glass component and 
45 the glass component is strengthened. 

[001 5] Simultaneously the glass component infiltrates the grains of the powdered oxidic ceramic material for sinter- 
ing entirely. This is enhanced by the relatively long duration for sintering. If desired the sintering process can be per- 
formed in a vacuum to enhance infiltration further. 

[0016] Simultaneously the glass component virtually forms a coating over the grains of the powdered ceramic 
so material for sintering during the sintering process, as a result of which these grains are interconnected by the glass 
component, which is strengthened by the formation of crystals therein. Therefore a solid body, for instance a plate, is 
formed, which can be cooled down after completion of the sintering process. This cooling down can be forced by dip- 
ping this plate in cooling water with a temperature of for instance 20°C, through which the formation of crystals is 
enhanced further. 

55 [0017] Subsequently the product formed in this way is ground during a long period to form a fine powder. In order 
to achieve a sufficient fineness, the material can for instance be ground during up to 8 hours. The powdered ceramic 
material formed in this way can be used to produce a cap-like basis for a dental restoration, such as a crown. 
[0018] If desired, quantities of metal oxides and/or pigments can be added to the powder. The natural appearance 
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of a tooth can be simulated in the crown with pigments, especially when on the basis, formed as cap 5, of the crown 
transparent layers 6, 7, possibly colored materials themselves, such as porcelain, are applied. By using layered, possi- 
bly even colored porcelain, a very natural looking crown or restoration can be obtained, which will have the required 
strength as a result of the basis formed as cap 5 from the ceramic material according to the present invention. Here the 
5 oxidic ceramic material for sintering, intended for the basis formed as cap 5, which is in itself fragile, is strengthened 
because of the method according to the present invention. 

[0019] In fig. 1 an underground 1 is shown. The underground 1 is produced from ceramic and oven proof material. 
The underground is made from oven proof material in order to withstand the sintering process for the ceramic material 
according to the present invention. 

10 [0020] The top 2 of the underground 1 has the shape for the carrier, for instance a tooth stump, for the dental res- 
toration. For this an imprint is made from the jaw with the previously prepared tooth stump, which will be the carrier for 
the dental restoration to be produced. The imprint is cast in plaster. The obtained plaster model is scanned and input 
into a computer with the aid of a digital camera. For this the bottom part of the plaster model is painted black to mark in 
this way the bottom edge of the crown to be produced. When scanning the plaster model a fast laser line scanning 

is method can for instance be used, where the three dimensional geometry of the plaster model of the preparation (the 
tooth stump) and the immediately adjacent dental elements can be determined. For this use can be made of a CCD 
camera to detect the lines projected by the laser. 

[0021 ] Optionally the step of forming a plaster model could be omitted, when the three dimensional form of the tooth 
stump could be determined directly in the mouth. 

20 [0022] The digital information on the three dimensional shape and geometry of the tooth stump for the dental res- 
toration is input into a computer. If desired information can be added on the exact bottom edge of the crown or restora- 
tion to be produced, the separation surfaces with the neighboring dental elements, the saddle point of the restoration 
to be formed, etc. From this information the orientation of the occlusal plane can be determined. Within the parameters 
thus given or detected in relation to the shape and the geometry of the restoration to be produced, a choice can be 

25 made from a number of standard shapes, or information on the shape or geometry of the original tooth can be used, 
when such information is available. Also an opposite dental element can be chosen from an opposite line of teeth, 
where this opposite tooth can be scanned and used as a starting point in forming the restoration. These latter aspects 
naturally relate to the external shape of the restoration to be produced, while the shape of the tooth stump or carrier for 
the restoration or the crown determines the internal surface thereof. 

30 [0023] If desired, the eventual shape of the restoration can be visualized with a computer simulation in connected 
with the neighboring dental elements in order to secure the fit thereof beforehand. The eventual shape of the restoration 
to be produced can then still be adjusted, based on gnathological rules. Here the shape of the restoration to be pro- 
duced is adjusted to obtain an optimal tooth on tooth contact with the neighboring, as well as the opposite dental ele- 
ments or teeth. Here jaw movements can be taken into account, and not only the static relationship between the 

35 restoration and the neighboring or opposite dental elements. During essentially three dimensional chewing movements 
maintaining the normal functioning is required, without interference of protrusions, which do not belong, and the chew- 
ing movements could be disturbed thereby with clear consequences, such as trauma to the jaws and unequal division 
of the load over the dental elements. 

[0024] In order to disrupt the normal functioning of the dental system, for which the dental restoration is intended, 

40 as little as possible, measurements can be made to the dental system involved, i.e. the chewing movements which a 
patient actually makes, can be involved. For this an axiographic registration computer can for instance be used. 
[0025] With the steps above the inner surface of the restoration for connection to the tooth stump, and the outer sur- 
face thereof are determined optimally. For the inner surface a thin layer of adhesive is taken into account. 
[0026] With a processing machine, such as a mill under control of a CAD/CAM program a block of oven proof mate- 

45 rial is processed on the basis of the information obtained on the inner surface of the restoration to be produced to obtain 
the underground 1 with the top 2 thereof by machining a block of oven proof material. The top 2 then exactly has the 
shape of the dental remains or the tooth stump, on which the restoration is to be placed. At the side of the underground 
1 opposite the top 2 a double-prismatic foot 3 is provided, which has a shape, that is standardized for a processing 
machine, such as the above mentioned mill. The foot 3 of the underground 1 can, in subsequent processing steps also 

so function as a clamping element for processing machines, particularly mills. 

[0027] The material of the underground 1 can be partially sintered aluminum oxide or zirconium oxide, dependent 
upon the expansion of the ceramic material to be applied according to the present invention. This will have to be 
machined away in a later stage. As an alternative chemically bound aluminum oxide and/or zirconium oxide can be 
used. This can be dissolved chemically in a later stage. The chemical binding material can comprise a combination of 

55 magnesium oxide and ammonium monophosphate and a mixing fluid, comprising colloidal silicon oxide, aluminum 
oxide or zirconium oxide. The linear thermal expansion of the material for the underground 1 is tuned to that of the layer 
or layers of ceramic material to be applied according to the present invention. For illustrative purposes only it is noted 
here, that the expansion of pure aluminum is 7.8 nm/m.k (measured between 20 and 500°), and that the expansion 
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coefficient of zirconium oxide is 10.5 ^rn/m.k. 

[0028] With these materials for the underground 1 a desired adhesion of the ceramic material according to the 
present invention is obtained, as will be described in more detail below. 

[0029] The underground 1 . and particularly the top 2 thereof, are accurately machined to the shape of the dental 
5 remains or the tooth stump, with a mill comprising a cylindrical disc and/or a round hard metal mill. 

[0030] On the top 2 a layer 4 of the ceramic material according to the present invention is applied. This can be 
achieved in several ways, such as pressing dry material, isostatic press, spraying, or any other arbitrary way, where 
some degree of compression is desirable. Hereafter the layer 4 is sintered. During this process baking shrink of the 
ceramic material according to the present invention occurs, but because the glass component therein flows, as it were, 
w this shrink is taken into account and compensated for, without having to take this shrink into account in order to obtain 
the desired fit, such as was the case with certain known techniques. 

[0031 ] After sintering the cap 5 is formed. This cap 5 is the basis for the dental restoration to be produced. The cap 
5 is adhered to the top 2 as a result of the choice of material for the oven proof underground 1 . After this the foot 3 can 
be put back in the clamp of a mill (not shown) to machine the cap 5 back to the desired dimensions. These dimensions, 
15 particularly the thickness thereof, can also have been determined with the above mentioned CAD/CAM techniques in 
the step of forming a model of the dental restoration. 

[0032] ff desired sintering is completed in two steps; each one of these steps is then followed by a machining proc- 
ess, such as milling. In the first step the material is sintered at a relatively low temperature between 800 and 1000°C 
during between 5 and 15 minutes in vacuum, where formation of a connection between the grains occurs, without the 

20 material compressing excessively. Hereinafter the cap 5 is subjected to a first milling process. As the material has not 
excessively compressed, no valuable and hard mills have to be employed. When sintering for the second time, the tem- 
perature is higher and reaches between 1000 and 1300°C, but typically amounts to 1 100°C where a duration of 5-15 
minutes, but typically 5 minutes is sufficient to obtain a desired thickness of the cap 5. This thickness is for example 0.7 
mm, but depends upon the circumstances and the parameters, such as those of the dental restoration or crown, to be 

25 produced. The cap 5 can then be milled again, all be it with heavier and more accurate mills, for instance a diamond 
mill, to achieve the desired shape of the cap 5. which has for instance been determined based on the CAD/CAM pro- 
grams by the computer. 

[0033] In both part steps of sintering, such as it has been described hereinabove as an option, as well as with single 
direct sintering to obtain the final result of the cap 5, linear shrink plays only a relatively minor roll at the outer surface 
30 of the formed cap 5, because the ceramic material according to the present invention adheres to the top 2 of the under- 
ground 1 in connection with the How properties- of the glass component. This is the result of the considerable amount 
of glass component, which also results in a fast sintering process, especially in relation to the known oxidic ceramic 
powders, whether or not they comprise an added glass component. 

[0034] As described above, the underground 1 is made from material, which is stable in a broad range of tempera- 
35 tures and oven proof, so that it maintains its shape during sintering. Therefore a good fit is ensured, whereby leaks 
along the edge of the restoration to be produced, further tooth decay and cavities under influence of bacteria are pre- 
vented. A specific advantage of the adhesion is, that the ceramic material according to the present invention forms a 
whole with the underground 1 and especially the top 2 thereof, whereby no pieces can break off the edges of the cap 
5, particularly after the above mentioned optional first sintering step, whereafter the cap 5 is still fragile, awaiting com- 
40 plete compression in the optional second sintering step. When the sintering is performed in a single step, this aspect is 
less relevant. 

[0035] Another considerable advantage of the ceramic material according to the present invention is. that color pig- 
ments can be added thereto, without disrupting the sintering process, because they have no influence on the sintering 
process, because of the "flow properties" of the glass component. When sintering the solid material, such as aluminum 
45 oxide or zirconium oxide, whether or not with the addition of a small amount of glass component, the color pigment 
could cause a disruption of the sintering process as a result, whereby the strength to be achieved of the cap 5 could 
worsen. 

[0036] After forming the cap 5 the underground 1 can be removed in the manner described above by milling or dis- 
solving at least the top 2 chemically, or alternatively by sandblasting. 

so [0037] The cap 5 can then be supplied as the basis for a dental restoration or a crown to a buyer, who will complete 
the crown, for instance by applying a structure of porcelain or ceramic in a dental laboratory. Preferably the combination 
of the underground 1 and the cap 5 on the top 2 is maintained in tact in order to apply on the cap 5 at least one and 
preferably more than one covering layer of porcelain, or an other material, that achieves a natural appearance of the 
dental restoration. The advantage thereof is that the foot 3 of the underground 1 can repeatedly be used to be placed 

55 in the clamps of a single or several different milling machines, while the entire crown or dental restoration is being com- 
pleted. This is particularly the case when layers of porcelain or other ceramic material are applied on the cap 5 by sin- 
tering. These covering layers, which have been denoted in fig. 2 by reference numbers 6 and 7, will have to be 
machined back to the dimensions determined with the measurements described above, of the geometry of the restora- 
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tion to be produced. 

[0038] Because each of the covering layers 6 and 7 in fig. 2 has separate properties in relation to especially color 
and transparency, a restoration with a very natural appearance can be obtained on a very strong basis, formed as cap 
5, from ceramic material according to the present invention. 

5 [0039] In the preferred embodiment shown in fig. 2 of a restoration 8 to be produced, the underground 1 is still 
present in the end product of the restoration 8. The underground 1 and especially the foot 3 thereof is suitable to be 
placed in a clamp of a milling machine (not shown) in the different production steps of applying the separate layers in 
order to obtain the natural appearance of the restoration 8. As such a completely automated production process is pos- 
sible, where for instance the dental laboratory, that is responsible for applying the cover layers 6 and 7 in order to obtain 

10 the eventual fit based on adjustment in situ of the generated computer simulations, has been supplied with the cap 5 on 
the top 2 of the underground 1. As an alternative the entire production process can take place at one manufacturer. 
[0040] Applying the additional porcelain or ceramic layers on the basis 5 can also be achieved in an arbitrary man- 
ner and more than two separate cover layers with each properties of their own in relation to strength and color and 
transparency can be applied. In most cases two layers of porcelain will suffice to achieve an esthetic effect with a nat- 

75 ural appearance. 

[0041 1 A layer of porcelain, for instance the cover layer 6 : adheres strongly to the cap 5 as a result of corresponding 
material properties of both components. 

[0042] The last step in a method for producing a complete restoration 8 is coloring and glazing the outer surface 
thereof. This should be done based on dental properties of the patient It is preferred, that the dental restoration or 

20 crown 8, as it is shown in fig. 2. is heated. This should be done quickly, so that only the outer surface thereof is softened, 
in order to solidify again after cooling thereof. If desired pigment can be added to the softened outer surface of the den- 
tal restoration 8. Because of the short period, during which the restoration 8 is heated, where only a thin outer layer at 
the outer surface of the dental restoration 8 is softened, essentially no flow of material occurs, whereby the external 
shape is maintained. Polishing the restoration 8 is not strictly necessary. 

25 [0043] In fig. 3 schematically an apparatus is shown for realizing the method of producing a basis from the ceramic 
material, that is the subject of the present invention, in connection with the other aspects of this invention. 
[0044] Fig. 3 shows a press 9, comprising a lever 10 with arms 11 thereto. The right arm 11 forms a piston in a 
hydraulic cylinder 12 or a similar apparatus. 

[0045] At the side opposite the cylinder 12 an underground 1 is placed, over which in the area of the protrusion, 
30 which is formed in correspondence with the tooth stump, a counter part, which is shaped as a top half 13, fits to press 
therebetween the basis into shape. 

[0046] Pressing pins 14 extend downward into holes 15, whereby alignment of the top half 13 and the underground 
1 is ensured, while pressing the ceramic material 16. During a downward stroke of the left arm 1 1 the bottom half 17 
abuts the static pressure pen 18, whereby the bottom half 17 is pressed upward against the top half 13. For this a sup- 
35 port 19 of the bottom half 17 is provided with a passage 20 with dimensions, corresponding to the pressure pen 18. 
[0047] Forming the underground and a counterpart 23 is realized as follows. 

[0048] First a wax model is made of the shape of the basis for the dental restoration to be produced. The bottom 
half 1 7 is placed on a glass plate and filled with an oven proof mass, from which the underground 1 must be formed. 
The material of this mass is 65% quartz, 8% aluminum oxide, 15% NH 4 H 2 P0 4 and 12% MgO, where this material is 

40 mixed with a colloidal solution of 30% Si0 2 in water. Before this material on the bottom half 1 7 will have had the oppor- 
tunity to solidify, the wax cap is filled with the same material and placed on the bottom half 17 on the material, already 
present there. Subsequently the material is left to solidify during for instance 30 minutes. Thus an oven proof mass is 
formed, which is placed in the bottom half 17 of the apparatus shown in fig. 3. Subsequently the clamp or press is 
closed, where the top half 13 is filled through a hole in the top thereof with the same ceramic material as- that, which is 

45 described above and with which the bottom half 1 7 is filled to form the underground 1 . Over the shape thus formed a 
adherence inhibiting material, such as grease is applied and the bottom half 17 with the underground therein is again 
placed in the press, shown in fig. 3. Subsequently the press is closed, after which the top half 13 through a hole at the 
top side thereof is filled with the same ceramic material as the bottom half. The grease inhibits adherence of the top half 
and the bottom half to each other. The top half and the bottom half are separated from one another and burnt out. for 

so instance during 20 minutes at a temperature of 1 000°C, for instance in an atmospheric pre-heat oven. 

[0049] Over the oven proof stump, which is formed in the underground 1, after cooling thereof ceramic material 
according to the present invention is applied and a cap is modelled thereover, which will serve as a basis for a dental 
restoration, to be formed subsequently. 

[0050] The underground 1 with the ceramic material 1 6 thereon is heated, until it acquires a predetermined degree 
55 of consistency. Then the bottom half 17 with the underground 1 therein is placed in the press shown in fig. 3 and the 
press is closed by actuating the cylinder 12. The halves of the press are accurately aligned as a result of the application 
of the fit pens 1 4 and the fit holes 1 5 and after forming the basis the underground can be removed, for instance by sand 
blasting, or using glass pearls. 
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[0051 ] Then the cap 5 or the basis Is ready to be covered in further layers, for instance of porcelain, which are then 
baked thereon. 

[0052] Below an example is described of the ceramic materials and a method for production thereof according to 
the present invention. 

[0053] For each example twenty test bars were produced in accordance with ISO 6872.20. The test bars were 
tested in a universal pulling apparatus Zwick 1454, which was adjusted to a speed of 0.5 mm/min. 
[0054] Scanning Electron Microscopy research of the test bars proves, that zirconium oxide crystals are present in 
the glass phase thereof, which cause an enhancement of the strength. 

[0055] The glass components were produced by melting the separate components described below and submerg- 
ing them into water. Then the glass component was ground. 

[0056] As for the zirconium oxide preferably an Yttrium stabilized form is chosen. This form contains 6% Yttrium 
oxide, which shifts transformation of zirconium oxide to a higher temperature. 

[0057] The aluminum- and zirconium oxide components were mixed in a tumbling mixer with the glass components. 
Subsequently the mixture is baked or sintered at a temperature of between 1 100 and 1200°C, until the glass frit melts 
with the aluminum and/or zirconium oxide to form a homogenous monolithic unit, such as a plate. The time, during 
which the mixture is sintered, is about 24 hours. 

[0058] During this heat treatment a surface reaction takes place between the oxidic ceramic powders and the sur- 
rounding glass and a part of the oxidic phase diffuses, particularly aluminum oxide and/or zirconium oxide, into the 
glass component. As a result of the composition of the glass, with diffusion products of the solid oxidic ceramics added 
thereto, crystals are formed in the glass component, which reinforce the glass component. After the sintering process 
the plate is removed from the oven and cooled in ambient temperatures during approximately 30 seconds, before it is 
submerged in water with a temperature of about 20°C. The material is subsequently ground during 8 hours to form a 
fine powder. This powder can be considered an intermediate product, from which a ceramic cap 5 for a dental restora- 
tion 8 can be produced. 

[0059] In the subsequent examples the following glass components were used: 
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Glass component A has a composition, which corresponds closely to a glazing mass. This mass wets the alumi- 
num oxide well. 

Glass component B has a higher lithium oxide content than glass component A. This results in better wetting of the 
zirconium oxide. 

Glass component C wets the zirconium oxide even better than glass component B by an even higher lithium oxide 
content. 
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[0060] The following glass components (in percentage by weight) were produced from the following materials: 





Glass component 


A 


B 


C 


40 


Si0 2 


65 


68 


72 




Al 2 0 3 


14 


7 


2 




K 2 0 


9 


6 


3 




Na 2 0 


5 


4 


2 


45 


BaO 


1 


2 


1 




Li0 2 


3 


10 


18 




SrO 


1 


1 


1 


50 


B2O3 


1 


1 






Remaining 


1 


1 


1 
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Composition in weight percentages of examples 1-6: 

[0061] 

5 



Example 


1 


2 


3 


4 


5 


6 


Glass component A 


40 


40 










vjidbo \AJi i ipuncm D 






*t\J 


■Hi 






Glass component C 










40 


40 


Aluminum oxide 1 |i 


14 


16 


10 


16 


14 


4 


Aluminum oxide 5 ^ 


40 


38 


32 


38 


40 




Zirconium oxide (Y-st«h) 1 n 


4 


4 


4 






16 


Zirconium oxide (Y-stab) 5 n 






12 


4 


4 


38 


Pigments 


2 


2 


2 


2 


2 


2 


Bend strength, Mpa 


412 


435 


443 


453 


468 


531 


Standard deviation, Mpa 


26 


33 


26 


29 


30 


34 


Linear thermal expansion coefficient (measured in 20-500°C) 


7.7 


7.9 


8.0 


10,0 


10.2 


10.5 
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[0062] For examples 1-3 a porcelain mass was produced with a thermal expansion coefficient of 7.7 microme- 
ter/m.K (measured between 20 and 500°C). For examples 4-6 porcelain masses were used with an expansion coeffi- 
cient of 10.0 micrometer/m.K (measured between 20 and 500°C). These layers were cold pressed isostatically on the 
first layer, sintered at a temperature which was most suitable for the kind of porcelain actually used and during a similar 
30 time span, while a vacuum was being applied. The oven proof underground 1 was placed back into the automatic milling 
machine with ceramic layers thereon and milled back with diamond tools to dimensions, designed or determined by a 
computer. After completion of several milling or grinding processes on the cap 5 of the restoration 8 the oven proof 
material is removed by milling, sand blasting, or in the case of a chemically bound oven proof underground 1 through 
chemically dissolving the binding therein. 

35 

Claims 

1 . Method for producing a ceramic material, subsequently comprising: 

40 mixing ceramic material, such as oxidic ceramic material, comprising as a raw material essentially aluminum 

oxide, zirconium oxide and/or titanium oxide, and glass component; with a sintering process melting essentially 
the glass component in the mixture, whereby the glass component infiltrates the ceramic material and through 
a reaction at the surface acquires raw material of the ceramic material; and 

bringing the mixture in a form, such as powder, suitable for further processing, such as additional sintering. 

45 

2. Method according to claim 1, where the temperature during sintering is between approximately 1100°C and 
1200°C. 

3. Method according to one of the preceding claims, where sintering occurs during 24 hours. 

50 

4. Method according to one of the preceding claims, further comprising grinding the solid body to a powder, which 
solid body was formed through a binding, occurring during sintering, of the ceramic material in the glass compo- 
nent. 

55 5. Method according to claim 4, where the grinding is performed during approximately 8 hours. 

6. Method according to claim 4 or 5. comprising addition of at least one material from a group, comprising metal 
oxides and pigments, after grinding. 
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7. Method according to at least one of the preceding claims, where the raw material comprises grains. 

8. Method according to claim 7, comprising application of a raw material, having grains of different sizes. 

5 9. Method according to at least one of the preceding claims, where the glass component comprises: 55-75 wt.-% 
Si0 2 . 0.5-30 wt.-% AI2O3, 0.5-30 wt.-% K 2 0, 0.5-15 wt.-% Na 2 0 and 0.5-30 wt.% Li0 2 . 

10. Method according to claim 9, where the glass component additionally comprises, in a lesser quantity than 5 wt.-% 
material, at least one of the compounds from the group, comprising: BaO. CaO, SrO, La 2 0 3 , Sb 2 0 3 , Ti0 2 , F 2 , 

10 ^03, ZnO, MgO and Ce0 2 . 

1 1 . Method according to one of the preceding claims, comprising melting the materials of claim 9 or 10 preceding mix- 
ture thereof in order to obtain the glass and grinding the glass in order to obtain the glass component. 

is 12. Method of producing a basis for a dental restoration, such as a crown, comprising: 

providing an underground with a shape, corresponding to that of the place of use or destination, such as a 
tooth stump; 

providing ceramic material according to one or more than one of the preceding claims; 
_ 20 applying the ceramic material onto the underground; and 

sintering the ceramic material on the underground. 

13. Method according to claim 12, consecutively comprising: sintering the ceramic material to a lower than the maxi- 
mum density thereof; machining the exterior of the basis to predetermined dimensions; and sintering the ceramic 

25 material further up to the maximum density thereof. 

14. Method according to claim 13. where the first sintering process, preceding the machining, takes place in vacuum 
at a temperature of between approximately 750 and 1 100°C and during between approximately 2 and 12 minutes. 

30 1 5. Method according to claim 1 3 or claim 1 4, where the second sintering process, following the machining, takes place 
in vacuum at a temperature of between approximately 900 and 1500°C during between approximately 2 and 12 
minutes. 

16. Method according to any one of the claims 12-15, where the application of the ceramic material comprises: spray - 
35 ing the ceramic material using a carrier fluid, such as an alcohol, and/or isostatically pressing the ceramic material. 

1 7. Method according to one of the claims 12-16, where the ceramic material is pressed onto the underground using a 
counter part, where between the underground and the counterpart a cavity is formed, when the underground and 
the counterpart are pressed together, said cavity having the desired shape of the basis. 



40 



45 



50 



55 



18. Method according to claim 1 7, where the underground and the counterpart are aligned during said press operation 
by at least one fit pen 14 and one fit hole 15. 

19. Method according to one or more than one of the claims 12-18. further comprising removing the underground. 

20. Method for producing a dental restoration, such as a crown, comprising: 

producing a basis according to one or more than one of the claims 12-19; and 
applying at least one cover layer. 

21. Method according to claim 20. where application of the cover layer comprises: application and sintering of at least 
one layer of ceramic material or porcelain, and machining to predetermined dimensions of the layer. 

22. Method according to claim 20 or 21. further comprising removing the underground. 

23. Ceramic material, comprising ceramic, which comprises as a raw material essentially aluminum oxide and/or zirco- 
nium oxide, and glass component, where the ceramic material is produced according to one or more than one of 
the claims 1-11. 
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24. Basis for a dental restoration, such as a crown, which is produced, according to one or more than one of the claims 
12-19, from ceramic material according to claim 21 . 

25. Basis according to claim 24, where the underground is present therein and forms a grip for an a clamping element 
5 of an apparatus, such as a mill, in further processing the basis. 

26. Dental restoration, comprising a basis according to claim 24 or 25, where the dental restoration is produced accord- 
ing to claim 20, 21 or 22. 

10 
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